Quality problem or issue: Infant positioning may interfere with neuromotor development. Bedside education and Infant Positioning Assessment Tool (IPAT) improve nurses' and doctors' proficiency in applying proper infant positioning. Initial assessment: Nursing compliance with proper positioning is suboptimal due to many factors. One factor was the inadequate knowledge and practice of infant positioning, since the baseline mean IPAT score was 3.4. Choice of solution: Three experienced neonatal intensive care unit (NICU) nurses were chosen as position champions to help other NICU nurses apply proper positioning and monitor IPAT scores. Education and hands-on demonstration sessions were developed based on the observed baseline practice. Implementation: Periodic education with hands-on demonstration was given to NICU nurses and residents. Infants' positions were objectively scored using IPAT. Two Plan, Do, Study and Act cycles were completed and adjustments were made based on each cycle's achieved results. Evaluation: Mean IPAT scores increased from 3.4 at baseline and 6.3 in the second cycle to 7.3 in the third cycle of intervention. Lessons learned: A systematic approach targeting infants' positioning succeeded in improving nurses' and residents' clinical performance. Not reaching significant change until after 18 months highlights the difficulty and complexity in changing behaviors.
In a review of the physiologic effects of different positions, Monterosso et al. 2002 found that among all positions (supine, prone and side lying) prone is preferred since it improves respiratory, cardiovascular and gastrointestinal functions in addition to sleep and organizational state [2] . For premature infants, developmentally supportive positioning has been demonstrated to improve motor development for up to 24 months corrected age [8] . Therefore, paying attention to positioning is critical, and interventions aiming to improve the quality of infant positioning are needed [9] [10] [11] [12] [13] . However, standardized evidence-based practices of infant positioning are still lacking [7, 9] . In fact, Coughlin et al. 2010 developed the Infant Positioning Assessment Tool (IPAT) and provided a standardized tool to assess infants' positions [9] . The IPAT is generally accepted as a reliable measure of the quality of infant positioning, and it is used as an educational tool to improve NICU nurses'positioning practice [9, 12, 14] .
Information on nurses' knowledge and practice regarding infant positioning are scarce; some reports have shown that nurses' education improved their ability to provide supportive positioning [9, 11, 14] . Jeanson 2013 advised that nurse to nurse education is the best way to get 'buy-in' from the nursing staff, in addition to ensuring the availability of a team that audits positioning using a standardized tool [14] . Spilker et al. 2016 showed that IPAT scores improved significantly after using it as an informal bedside education tool [12] .
Initial assessment
This quality improvement (QI) project took place at a referral tertiary care center of a middle income country from September 2014 to March 2016; the center holds both joint commission international accreditation and magnet designation. The NICU is a 22-bed level III unit with around 250 admissions per year, of whom 18% are <32 weeks of gestation. In the preceding 4 years, developmental care practice was implemented and enforced in the unit. The nurses received education on developmental care that supports infant positioning; however, their compliance with its practice was inconsistent as measured by a baseline IPAT mean score of 3.4. It was noted that some infants developed musculoskeletal deformities, especially those who stayed the longest. The potential causes of improper positioning were identified by the QI team who held regular brain storming sessions discussing the implementation process and potential challenges. The team developed a fishbone diagram illustrating causes and perceived challenges like increased patient load, patient acuity, absence of measurement tool, insufficient knowledge and skills and unavailability of positioning aids (Fig. 1) .
Choice of solution
Based on the above observation, the QI project was developed aiming to improve positioning of all infants admitted to the neonatal intensive care unit (NICU). This paper reports the implementation and results of this QI project.
Implementation

Planning of Intervention
The Plan, Do, Study and Act (PDSA) cycle shown in Fig. 2 was used as a framework. The initial plan was to do at least two cycles and decide on further cycles as needed to achieve a minimum IPAT score of 8. All preterm and term infants admitted to the NICU were included. Those who were sedated or diagnosed to have neurologic impairment by the medical team were excluded.
In the 'plan' phase, a team composed of a neonatologist, developmental care coordinator and three NICU nurses secured the approval of the hospital and unit administration before conducting the project. A literature search was performed looking for a valid and reliable positioning assessment tool. The IPAT was identified as a simple and easy tool to implement [9, 15] . The IPAT is a 6 item tool that focused on the assessment of shoulders, hands, hips, knees, ankles/feet, head and neck with a score ranging of from 0 to 2 for each item and a maximum cumulative score of 12 [9] . The IPAT measurement method was piloted by one of the authors (Saadieh Masri) on 50 infants to ensure its applicability. The pictorial material developed by Philips Children's Medical Ventures (Monroeville, PA, USA) was used as a guide. A core team of four NICU nurses identified as 'position champion nurses' were trained on infant positioning based on the Neonatal Individualized Developmental Care Assessment Program (NIDCAP) recommendation [16] and on using the IPAT tool for scoring infant's positions [9] . The 'position champion nurses' practiced IPAT-scoring with the primary observer (SM) independently for a minimum of 29 observations; the average interrater reliability was r = 0.80.
The team then devised an intervention plan consisting of providing educational sessions with hands-on demonstration to all NICU nurses and residents. A PowerPoint presentation was developed from related articles [1, 6, [17] [18] [19] [20] [21] [22] [23] [24] [25] . It included a good quality video demonstration of infant positioning that was retrieved from YouTube ('Positioning NICU patients with The Zaky'); in addition, individual hands-on practice sessions with simulation on a manikin were provided to each nurse and resident. After each cycle, the intervention was reviewed and materials were refined based on the feedback of the planning team and the NICU nurses.
Intervention
In the 'Do' phase, materials for the educational sessions were prepared based on NIDCAP recommendation for infant position [16] . Fifteen sessions were held, each consisting of formal presentation with informal discussion and demonstration about the different infant position. In addition, participants had an individual hands-on demonstration on a manikin with return practice and demonstration to ensure adequate learning of the different infant positions by individual nurses. Additionally, refresher sessions were held for newly recruited nurses and rotating residents.
An online Moodle course was also created including the PowerPoint presentation for participants who wished to access it as a reference and whenever they needed a refresher course.
In order to integrate infant positioning into nurses daily practice, a policy and procedure on infant positioning were developed and approved by the unit and hospital administrators. The hospital pediatric clinical nurse educator was responsible to disseminate the policy and to ensure the competency of all nurses concerned.
In the 'Study' phase, during the entire implementation period, the 'position champion nurses' and the project coordinator performed daily rounds and assessed infants' positions using the IPAT tool. They intervened when necessary to support NICU nurses in adjusting the infant's position.
At baseline, a total of 22 infants were observed 69 times during this first cycle which lasted 2 months. After implementation of the 'Do' phase, another 24 infants were observed 69 times over a 2-month period (Cycle 2). Further adjustments to the intervention process were done and then another 18 infants were observed for 69 times over another 2-month period (Cycle 3).
It is worth mentioning that positioning aids were not available in the unit; staff used rolled linens as nests and boundaries to provide proper alignment and flexion.
In the 'Act' phase, after each cycle, the QI team reviewed and discussed the project implementation and the IPAT scores, then modified the process accordingly.
Measures
IPAT-scoring
The IPAT tool was chosen for assessing infant positioning since its validity has been previously demonstrated [9] . A score of 12 reflects perfect positioning; while a score above 9 is desirable and a score of 8 or lower indicates a need for improvement and repositioning. The assumption was that improvement in infant positioning as assessed by the IPAT-scoring system reflects an improvement in nurses' skills in positioning infants. 
Data reporting and analysis
Standards for QI reporting excellence (SQUIRE 02) that focus on the context and study interventions were used to report on the key components for the improvement of quality. The measurement tool used is the run chart and the data is displayed over time showing trends and changes in the process [26] .
Ethical considerations
Since this is a QI study, it was exempted from a full review by the university institutional review board.
Evaluation
Participants
There are 33 registered nurses, five residents, three fellows and three therapists (physical, psychomotor and occupational) who were working in the unit and participated in the project.
A total of 91 medical residents and nurses were included in this QI project: 52 medical residents and 39 nurses attended 15 educational sessions during 18-month period. More than half of the nurses (66.7%) had worked in the NICU for more than 1 year and 95% of those completed their university degree in nursing. As for the medical residents, 70% were enrolled in their first year of pediatric residency.
PDSA process: report on changes and IPAT scores after each cycle Figure 3 is a run chart displaying the IPAT scores of all observations, the monitoring process and changes throughout the PDSA cycles.
The run chart demonstrates the improvement of mean IPAT score over the study time period. The first baseline PDSA cycle started in September 2014 and continued until end of October 2015; the Second cycle started in April 2015 and ended in June 2015; the third cycle started in January 2016 and ended in March 2016. Over this time period, the mean IPAT score increased from a baseline of 3.4-6.3 in the second cycle then to 7.3 in the third cycle of intervention. The set goal of 9 was still not reached by the third cycle (Fig. 3) .
Since all infants were observed more than once, results of the first IPAT scores for individual infants were compared to those of all observations. The mean first IPAT score for individual infants at baseline (3.6 ± 2.4) and after the intervention (7.3 ± 2.5) were comparable to those found for all observations (3.4 ± 2.5) and (7.3 ± 2.5), respectively.
In each cycle, the QI team refined the process after meeting with the stakeholders (NICU nurses, neonatology fellows and physical therapists) to work on areas of improvement. Initially, the QI team held educational sessions, helped with the dissemination of the policy and supported the staff by emailing weekly questions and answers to NICU nurses and pediatric residents. After the first cycle, the team met and identified areas of improvement: the need for staff continuing education and the provision of a resource staff to support nurses in daily practice of positioning. Hence, Additional sessions were given to new nurses and doctors; the QI coordinator intensified the daily rounds and new weekly tips were sent by email to all NICU nurses reminding them of the different components of infant positioning. After the second cycle, the team met again and recognized the absence of developmentally supportive materials and education activities in the unit as challenges. The nurse in charge looked for positioning products in the market, the group prepared illustrated instructions and tips for infant positioning in coordination with physical therapists, those tips were shared with each nurse and posted in patients' rooms [27] . In addition, to enhance knowledge acquisition and memory, developmental care cross-word puzzle regarding infant position information was added to the weekly email tips (Fig. 4) .
Lessons learned
Overall, this QI had a positive impact and proved to be successful in educating nurses and pediatric residents, and in achieving better infant positioning.
This project improved the practice of infant positioning as measured by the IPAT score which increased from 3.7 at baseline to 7.3 after two cycles. It showed that nurses' education enhanced their ability to improve infants' positioning in a developmentally supportive manner based on an objective measure. These results are similar to those reported by Jeanson 2013 and others who showed improvement of IPAT scores after bedside nurses education on positioning of preterm infants [12, 14] .
The strength of this project lies in the rigor of its methodology, the reliability of the outcome measures the IPAT-scoring and the high inter-rater reliability among the three 'position champion nurses'. Firstly, the success of this project was due to the ability of Figure 4 Developmental care cross-word puzzle.
the QI team to engage nurses and follow up closely on the process. The 'position champion nurses' were available every shift to assist nurses when needed; they updated the staff regularly about the progress during staff meetings. This intervention enhanced the culture of QI in the unit. Secondly, the engagement and support of stakeholders (administrators, physicians, nurses, therapists and parents) and the involvement of the multidisciplinary team of nurses, pediatric residents, neonatology fellows and therapists led to the improvement in infants' positioning practice over time. Thirdly, the continuous feedback to and from bedside nurses also was crucial to the success of this project. Also, the QI team was successful in developing educational materials, hands-on practice and using different strategies (developmental care rounds, tips, email reminders, crosswords puzzle) to deliver the education. This has contributed to the 'buy-in' of all staff involved and ultimately to the change in behavior.
Fourthly, this project-improved patient care with no additional cost on the unit since it did not require the acquisition of new equipment or hiring new staff; it rather used local resources to implement education and monitoring. Lastly, the availability of positioning aids and nesting products were scarce, yet the nurses were creative enough to apply positioning in developmentally supportive way using available products and linens.
Although the change in IPAT scores improved, it did not reach the goal score of 9; this reflects the complexity and difficulty in changing habits and behaviors over a relatively long period of time.
In our case, a number of speculated factors may explain the reason for not achieving the goal IPAT score. In the beginning of the project, nurses used to work 8 hour shifts and then based on staff request, their duty hours changed to 12 hour shifts. This change provided nurses with ample time to apply infant positioning especially during the first cycle post-intervention. In addition, few nurses were unwilling to apply the recommended positioning at first; this was expected as some people are more resistant to change than others. During the QI project, there was also an increased turnover of nurses with 60% of those being fresh graduates or having less than 3 years of NICU experience. This relatively short duration of nursing exposure to the NICU care might have been insufficient for nurses to grasp the concept of infant positioning as observed during the champions' rounds for IPAT measurements. Moreover, during the high census times with higher patient acuity, nurses would easily neglect to consider infant positioning as a priority. Lastly, the unavailability of positioning aids might have also played a role since nurses had to go the extra step of using rolled linen to make boundaries and nests
Conclusions
This QI project consisting of educational sessions and hands-on practice delivered to nurses and residents in the NICU proved to be successful in improving their clinical performance in achieving better positioning of infants in the NICU. In addition, this project led to a change of behavior across the unit whereby all NICU nurses became engaged and were eager to apply other developmental care strategies. The sustainability of this project is now ensured by the inclusion of its application as part of daily routine nursing care. The elements of this improvement project can be easily integrated into the regular educational sessions for all nurses and residents caring for infants in the NICU and the IPAT-scoring system can be easily adopted. We speculate that the clinical implication of infant positioning would translate into less positional deformities and ultimately better developmental outcomes. Further studies are needed to ascertain these speculations.
